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genetic	 diversity	was	more	 affected	 by	 distance	 from	 the	mainland.	 Snake	 clades	
were	distinctly	associated	with	area	and	distance.	The	Boidae	family	was	associated	
with	nearer	and	larger	 islands,	whereas	Elapidae	was	broadly	distributed.	Distance	
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isolated	areas	by	 creating	 an	equilibrium	between	 the	gain	 and/

















the	 Theory	 of	 Island	 Biogeography	 by	 comparing	 the	 structures	













Biogeography	Theory,	 including	spatial	and	 temporal	 scales,	 immi-
gration	 filters	 (e.g.,	 intervening	 landscapes	or	 seascapes	 and	envi-
ronmental	conditions	regarding	island	size),	the	neutral	theory,	and	





We	 have	 experienced	 an	 era	 of	 rapidly	 emerging	 community	
phylogenetic	 tools,	 making	 it	 feasible	 to	 test	 island	 biogeography	
predictions	 through	 an	 evolutionary	 timescale.	 Recently,	 Pyron	
and	 Burbrink	 (2014)	 employed	 community	 phylogenetic	 tools	 to	
analyze	patterns	of	snake	diversity	of	510	islands	around	the	globe	
and	 demonstrated	 that	 colonization	 was	 the	 main	 process	 ex-
plaining	 most	 of	 species	 richness	 distribution	 patterns	 in	 islands.	
Furthermore,	they	verified	in	situ	diversification	as	rare	and	not	con-
tributing	to	island	species	richness.	These	authors	also	have	shown	
that	 phylogenetic	 diversity	 on	 islands	 is	 associated	 with	 isolation	
and	climate	but	not	area.	Herein,	we	advance	our	understanding	by	
identifying	the	influence	of	area	and	distance	from	the	mainland	on	
















2  | MATERIAL S AND METHODS
2.1 | Study area and database
We	analyzed	17	coastal	islands	located	in	the	Atlantic	Forest	domain	
in	 São	 Paulo	 state,	 southeastern	 Brazil	 (23°23'00''	 to	 25°19'13''S	






Serafim,	 Sena,	 Centeno,	 &	 Jim,	 2009;	 Kurtz	 et	 al.,	 2017;	 Rocha,	
Bergallo,	Conde,	Bittencourt,	&	Santos,	2008).
The	number	of	species	was	recorded	from	Cicchi	et	al.	 (2007),	
Centeno	et	al.	 (2008),	Rocha	et	al.	 (2008),	Cicchi	et	al.	 (2009),	and	
Barbo	 et	 al.	 (2012).	We	 considered,	 as	 a	 regional	 pool,	 108	 spe-





of	 each	 island.	 In	 this	way,	we	provided	 a	 complete	 list	 of	 the	40	
species	included	in	our	analyses	(Table	1	and	Supporting	information	
Appendix	S1).
2.2 | Phylogenetic diversity and composition
To	 estimate	 phylogenetic	 diversity,	 we	 used	 a	 consensus	 phylo-
genetic	 tree	 from	 Tonini,	 Beard,	 Ferreira,	 Jetz,	 and	 Pyron	 (2016)	
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encompassing	9,755	species	of	Squamate	 reptiles.	Missing	species	
(Echinanthera bilineata,	Thamnodynastes nattereri,	and	Xenodon mer-


















we	 used	 the	 principal	 coordinates	 of	 the	 phylogenetic	 structure	
analysis	 (PCPS;	 see	Duarte,	2011)	 calculated	 in	 the	PCPS	package	
(Debastiani,	2015;	Debastiani	&	Duarte,	2014).	This	approach	allows	
verification	of	the	main	orthogonal	gradient	of	the	variation	in	the	








PCPS	with	 higher	 eigenvalues	 depicts	 the	monotonic	 gradient	 re-
garding	basal	nodes	of	 the	phylogenetic	 tree	 (Duarte	et	al.,	2012).	
As	 the	 PCPS	 eigenvalues	 decrease,	 finer	 phylogenetic	 gradients	
concerning	more	terminal	nodes	are	described	(Duarte	et	al.,	2012).	






ance	 inflation	 factor	 analyses	 (VIF;	 Zuur,	 Ieno,	 &	 Elphick,	 2010),	
considering	VIF	<	3.0	as	the	threshold	to	exclude	autocorrelated	en-






Islands Area Distance Richness PSV PCPS 1 PCPS 3 PCPS 4
1-Alcatrazes 135 33.4 4 0.64 0.008 0.07 0.04
2-Anchieta 828 0.49 6 0.65 −0.13 −0.005 −0.05
3-Barnabé 173.4 0.01 2 0.59 0.2 0.06 −0.09
4-Bom	Abrigo 154 3.55 2 0.81 −0.18 0.14 0.07
5-Búzios 755 24.09 4 0.68 −0.04 −0.02 −0.02
6-Cananeia 13.7 0.24 16 0.48 0.16 −0.04 0.002
7-Cardoso 22,500 0.08 25 0.42 0.2 −0.02 −0.03
8-Comprida 20,000 0.31 12 0.53 0.09 −0.07 −0.002
9-Couves 64.5 2.53 1 0.0 0.18 0.15 −0.15
10-Mar	Virado 119 2 3 0.57 −0.18 −0.09 −0.15
11-Porchat 15 0.23 10 0.55 0.01 −0.07 −0.03
12-Porcos 24.2 0.74 1 0.0 −0.39 −0.21 −0.008
13-Queimada	
Grande
430 34.8 2 0.81 −0.21 0.15 0.07
14-Santo	
Amaro
14,000 0.05 21 0.50 0.16 −0.07 0.17
15-São	
Sebastião
33,600 1.76 22 0.49 0.17 −0.06 0.16
16-São	Vicente 6,000 0.12 22 0.44 0.19 −0.04 −0.02
17-Vitória 221.3 37.97 4 0.69 −0.24 0.13 0.05
Note.	Predictor	variables:	area	(hectares)	and	distance	from	mainland	(kilometers)	(from	Cicchi	et	al.,	
2007);	 snake	 richness	 and	 phylogenetic	 diversity	 (Phylogenetic Species Variability—PSV);	 and	 as-
sessed	principal	coordinates	of	phylogenetic	structure	(PCPS).
TA B L E  1  Coastal	islands	of	the	Atlantic	
Forest	in	southeastern	Brazil	and	dataset	
of	metrics	used	in	this	study
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criteria	(AIC;	Burnham	&	Anderson,	2002).	The	GLM	model	is	a	use-
ful	tool	when	the	data	exhibit	nonconstant	variance	distribution	or	
when	 no	 normal	 distribution	 of	 errors	 is	 present	 (Crawley,	 2007).	
GLM	is	able	to	define	the	type	of	error	distribution	by	applying	the	
best	model	to	improve	the	correlation	between	the	predictors	and	

















Legendre,	 2012).	 The	 significance	 test	was	 based	 in	 999	 random-
izations.	We	 implemented	Moran's	 I	 correlograms	 in	 the	 software	
Spatial Analysis in Macroecology (SAM;	 Rangel,	 Diniz-Filho,	 &	 Bini,	
2006;	Rangel,	Diniz-Filho,	&	Bini,	2010).
3  | RESULTS
We	 recorded	40	 snake	 species	belonging	 to	 five	 families	on	 the	
17	 islands	 analyzed	 (see	 Supporting	 Information	 Appendix	 S1).	
The	species	pool	of	 these	 islands	 represents	approximately	37%	
of	the	regional	pool	(Zaher	et	al.,	2011).	The	richest	families	were	













in	 driving	 species	 richness	 variation	 pattern	 in	 all	 evaluated	mod-
els	 (wAIC	=	0.74,	 Table	 2).	 Regarding	 phylogenetic	 diversity,	 area	
















Island	area	explained	18%	of	 the	variation	 in	 the	phylogenetic	
composition	 (p	=	0.05,	Figure	2a,	Table	3)	 regarding	PCPS	1	 (basal	








PCPS	1	 and	PCPS	3	 axes	 (Figure	3)	 shows	 that	 species	 belonging	
to	Boidae	 (Corallus hortulanus)	 and	Colubridae	 families	were	 asso-
ciated	with	nearer	and	larger	islands.	The	Elapidae	family	(Micrurus 












































(c)   
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follows	 Island	 Biogeography	 Theory	 predictions	 and	 matches	 our	
previous	 expectations,	 but	we	 observed	 an	 idiosyncratic	 relation-
ship	of	area	and	distance	from	the	mainland	for	each	diversity	met-
















to	 an	 increase	 in	 species	 richness.	 Therefore,	 the	maintenance	 of	








species	 from	 the	 southeastern	 coast	 and	 snakes	 of	 ombrophilous	

































populations	and	assemblages	 in	 this	group	 (Vitt,	1987).	Therefore,	
we	do	not	consider	niche	similarity	as	a	factor	generating	competi-
tive	exclusion	of	closely	related	species,	although	food	and	substrate	
requirements	 might	 limit	 the	 distribution	 of	 taxa	 in	 these	 assem-
blages.	However,	the	dispersion	of	individuals	from	the	mainland	to	




mainland	 species	 pool,	 a	 situation	 that	 highlights	 the	 colonization	
TA B L E  2   Influence	of	area	and	distance	from	the	mainland	on	
richness	and	phylogenetic	diversity	(PSV)	of	snakes	recorded	in	the	
coastal	islands	of	the	Atlantic	Forest	in	southeastern	Brazil
Model AIC ∆AIC wAIC p R2
Richness	~	
Area* 
114.3 0.0 0.74 0.0005 0.53
Richness	~	Dist 125.3 11 0.003 0.10 0.1
Richness	~	
Area	+	Dist* 
116.4 2.1 0.26 0.001 0.53
PSV	~	Area*  −19.5 1.9 0.17 0.03 0.26
PSV	~	Dist*  −21.3 0.2 0.40 0.01 0.34
PSV	~	
Area	+	Dist* 





determination;	Area:	 Island	area	 in	hectares;	Dist:	 island	distance	from	
mainland	in	kilometers;	Richness:	number	of	species;	and	PSV:	richness-
independent	 phylogenetic	 diversity	 (see	 Materials	 and	 Methods	 for	
details).
*Significant	relationships	of	metrics	and	correspondent	predictors.	
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effect	as	a	very	 important	driver	of	snake	community	assembly	 in	
island	systems	(Burbrink,	McKelvy,	Pyron,	&	Myers,	2015).	However,	
in	 our	 results,	 the	 increase	 on	 phylogenetic	 diversity	 was	 related	
to	 the	 occurrence	 of	 endemic	 species	 of	 Viperidae,	 which	 led	 to	
overdispersed	 assemblages	 in	 smaller	 and	 more	 remote	 islands	
(Figure	3),	independent	of	the	species	richness	reduction.	Differently	
from	Burbrink	et	al.	(2015),	our	results	suggest	the	relevance	of	al-
lopatric	 speciation	 to	 generate	 higher	 phylogenetic	 diversity	 and	
overdispersed	assemblages	in	islands	due	to	endemic	Bothrops	spe-
cies	on	more	 remote	 islands.	The	maintenance	of	 the	basal	 clades	
(Viperidae)	 in	 this	 island	 system	 might	 maintain	 relatively	 longer	
branches	among	 species	on	 smaller	 and	more	 remote	 islands,	due	





Our	 results	 suggest	 that	 principal	 coordinates	 of	 phyloge-
netic	 structure	provide	a	new	 interpretation	of	 the	environmental	
factors	 influencing	phylogenetic	 lineages	 (Duarte,	2011;	Duarte	et	
al.,	2012).	The	“phylogeny-weighted	species	composition”	provides	
a	way	 for	 us	 to	 indicate	 the	 relationships	 of	 each	 clade	 and	 envi-
ronmental	predictors	 as	highlighted	by	Duarte	 (2011).	This	 author	
shows	 that	 species	 scores	 on	 PCPS	 ordination	 demonstrate	 the	
phylogenetic	 composition	 throughout	 the	 environmental	 gradient,	





Island	 area	 showed	 a	 greater	 influence	 on	Colubridae	 and	 the	
single	 Boidae	 species	 present.	 These	 species	 use	 arboreal	 sub-
strates	that,	 in	turn,	depend	on	the	availability	of	forested	habitat.	




itats	could	drive	 the	snake	composition	on	 islands	 (Burbrink	et	al.,	
TA B L E  3  Environmental	influence	on	phylogenetic	composition	of	snakes	(PCPS	1,	PCPS	3	and	PCPS	4)	recorded	in	coastal	islands	of	the	
Atlantic	Forest	in	southeastern	Brazil
Model f.obs Psite shuffle Ptaxa shuffle AIC ∆AIC wAIC P R
2
PCPS	1	~	Area*  4.12 0.05 0.11 −5.7 0.0 0.52 0.05 0.18
PCPS	1	~	Dist 2.52 0.13 0.3 −4.3 1.4 0.26 0.09 0.11
PCPS	1	~	Area+Dist 2.68 0.09 0.21 −4.0 1.7 0.22 0.07 0.21
PCPS	3	~	Area 2.25 0.15 0.36 −23.2 4.3 0.08 0.22 0.04
PCPS	3	~	Dist*  7.5 0.02 0.05 −27.5 0.0 0.74 0.02 0.25
PCPS	3	~	Area	+	Dist 4.11 0.04 0.12 −24.6 2.9 0.17 0.06 0.22
PCPS	4	~	Area*  4.05 0.05 0.07 −30.7 0.6 0.4 0.05 0.16
PCPS	4	~	Dist 1.08 0.34 0.4 −27.6 3.7 0.08 0.34 −0.002





F I G U R E  2  Relationships	between	principal	coordinates	of	phylogenetic	structure	(PCPS)	axes	and	predictor	variables.	(a)	PCPS	1	and	
area	(R2	=	0.18,	p	=	0.05);	(b)	PCPS	3	and	distance	from	mainland	(R2	=	0.25,	p	=	0.02);	(c)	PCPS	4	and	area	(R2	=	0.16,	p	=	0.05).	See	more	
details	in	the	Table	3
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2015).	Therefore,	area	and	distance	from	the	mainland	significantly	
influences	 snake	species	 richness	 regarding	 to	 the	Colubridae	and	
Dipsadidae	 clades.	 However,	 decreasing	 area	 and	 increasing	 the	
distance	 from	 the	mainland	 boosted	 the	 Viperidae	 clade,	 causing	
phylogenetic	diversity	maintenance,	while	 also	providing	evidence	
of	allopatric	speciation	in	these	coastal	islands.
Snakes	 typically	 display	 high	 degrees	 of	 specialization	 in	 re-
source	use	(Greene,	1997),	and	the	extinction	rate	of	island	reptiles	
can	be	related	to	natural	history	traits,	including	habitat	specializa-
tion	 (Foufopoulos	&	 Ives,	 1999).	 Therefore,	 the	 plasticity	 in	 natu-
ral	history	traits	and	habitat	use	could	generate	a	trend	for	greater	
abundances	of	birds	 in	 the	Canary	Archipelago	as	well	as	 to	more	
successful	survival	on	islands	(Carrascal,	Seoane,	Palomino,	&	Polo,	










area	 is	more	 related	 to	 species	 richness,	whereas	distance	 from	 the	
mainland	drives	phylogenetic	diversity	on	Atlantic	Forest	 coastal	 is-
lands.	We	 empirically	 emphasize	 the	 importance	 of	 isolation	 to	 the	
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